Objective: To compare perceived workplace quality in an open-bay neonatal intensive care unit (NICU) and a single-family room (SFR) NICU.
Introduction
Over the past two decades, the physical environment of the neonatal intensive care unit (NICU) has received much attention. The early work of Als 1 raised awareness of the importance of the neurologic state of the preterm neonate and the adverse effects that routine NICU care can impose. Subsequent work focused on a method for evaluating neonates and using the information obtained to individualize care for each baby. 2 Since that time, many investigators have evaluated the potential for improving the outcomes of care by adjusting the environment so as to minimize stimuli that adversely affect the neonate's immediate neurologic state and theoretically their subsequent neural development. Many articles have addressed the potential detrimental physiologic effects of high levels of ambient noise, 3, 4 illumination, 5 odor 6 and the inability of neonates to establish normal circadian rhythm in an environment that never sleeps. 7 Additional adverse consequences of the traditional NICU environment include crowding of patient care areas with minimal space for family interaction and familycentered care, 8 and the very poor ability to ensure patient and family privacy. 9 As a direct result of these factors, the traditional open-bay NICU (OPBY) environment may have contributed greatly to increased stress, 10 poorer perceptions of satisfaction with the nursery environment and poorer perceptions of the quality of the care provided among NICU staff. 11, 12 An architectural solution proposed for many of these problems is the single-family room (SFR) NICU design. 13, 14 When used in conjunction with appropriate methods to control the environmental factors that impact the tiny neonate together with the institution of family centered 8 and developmental care, 15, 16 the SFR NICU is hypothetically superior to the conventional OPBY facility both from the standpoint of improved physiologic stability and better long-term infant development. Convincing scientific evidence supporting these hypotheses is not available to date. 17 The objective of this research was to analyze one area of impact of the SFR NICU; the perceptions of NICU staff regarding the quality of work conditions. The method used was to compare staff workplace quality perceptions in a conventional OPBY NICU with those in a new SFR NICU. This comparison took place in an institution where care practices and administrative policies remained relatively constant over time; however, in an operating NICU undergoing such a dramatic transition, a large variety of factors could not be controlled in the two environments. Workplace quality perceptions assessed included the following: the quality of being a Sanford Health System employee, the quality of the NICU physical work environment, the quality of NICU patient care, the job quality in the NICU, the quality of health and safety in the NICU, the quality of safety and security in the NICU, the quality of interaction with other members of the NICU health-care team, the quality of interaction with NICU technology and the off-job quality of life.
In 2002, the Sanford Health System (previously the Sioux Valley Health System, Sioux Falls, SD) embarked upon the planning of the Boekelheide SFR NICU (SFR). The intent of the design process was to comply with the Recommendations and Standards for Neonatal ICU Design. 18 This process gave special consideration to the control of environmental factors such as illumination, noise, temperature regulation and the allocation of space for the provision of developmental care and family-centered care.
This report presents data for one aspect of a multifaceted comparison of the OPBY NICU and SFR NICU at Sanford Children's Hospital. This Environmental Research Program included a 6-month period of data collection in the OPBY NICU between 1 December 2005 and 31 May 2006. This was followed by a 6-month stabilization period following occupancy of the SFR NICU and a second period of data collection in the SFR unit between 1 December 2006 and 31 May 2007.
The OPBY NICU was comprised of four large rooms that housed 5 to 23 babies (Supplementary Figure 1) . Incubators were allocated approximately 150 ft 2 of floor area. The entire unit had an area of 7000 ft 2 and a capacity of 40 babies. Five small individual rooms were present in one area, which was used primarily for chronically hospitalized infants. Babies in all but this one area were exposed to noise associated with staff members, visitors, equipment and alarms. Attempts were made to control noise through the use of sound deadening flooring, wall coverings and ceiling tiles. Overhead fluorescent lighting was present and individual spotlights were installed so that illumination could be dimmed for each incubator when the fluorescent lights were turned off. For tiny babies, incubator covers were used to control light exposure. With the exception of the rooms used for chronic babies, daylight and views of the outdoors were minimal. A corridor along one side of the NICU had exterior windows on one side and smaller windows with a view of the NICU on the opposite side. A developmental therapist was included in the care of infants in this facility. All babies, monitors and equipment were openly visible to staff in the NICU at all times. Visiting hours were unlimited for parents. Portable partitions were placed around the area of the incubator for breastfeeding and kangaroo care. 19, 20 Rooming-in 21, 22 could only be accomplished in two specially equipped rooms adjacent to the NICU. In summary, an attempt was made to make the OPBY NICU comply as much as possible with the current recommendations for NICU design 18 given the configuration of the existing space. The Boekelheide SFR NICU has an area of 27 000 ft 2 with 43 rooms (approximately 200 to 250 ft 2 per room, Supplementary Figure 2 ) and a capacity of 58 babies. Nurses in the SFR NICU work in groups of two or three with a caseload of neonates who are assigned according to the acuity level of care of the infants assigned. Monitor alarms are dampened and are directed to monitor screens for all beds in the caseload. Monitor alarms are also directed to the pagers for each team of nurses. All nursery staff are very dependent upon wireless phones for communication with other members of the health-care team. Each room contains a bed, desk, closet, telephone, chair and a refrigerator for breast-milk storage to facilitate parental presence in the NICU (Supplementary Figure 3) . Six of the rooms are equipped for the care of twins and one for the care of triplets. Many of the rooms have exterior windows that provide controlled natural light. Individual rooms have three banks of indirect overhead lighting, which provide three levels of illumination, which complies with current recommendations. 23 Sound deadening materials were used for floor, wall, ceiling and window coverings so that ambient sound levels were reduced to less than the recommended 45 dBA. 18, 23 As in the OPBY NICU, visiting hours are unlimited for parents in the SFR NICU. Rooming-in, kangaroo care and breastfeeding may occur at any time of the day. Detailed information regarding these facilities is available elsewhere.
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Methods
The hypothesis of this study was that NICU staff members express more favorable perceptions of working conditions and care provided in the SFR compared with the OPBY facility, as assessed by the NICU workplace quality perception questionnaire.
Staff job perception was assessed using a compilation of the numeric responses to the items of a survey developed using human factors design to evaluate the change in staff workplace quality perception related to a move from an OPBY to an SFR NICU design by one of the co-authors. 25, 26, 27 The original instrument was comprised of 104 items, three of which allowed written responses. The properties of the survey instrument have been previously described. 27 This instrument was modified for the current investigation so as to use common terminology for this NICU. A small number of questions were deleted because they were specific to one role in the NICU. The final survey contained a total of 88 Likert-response questions and three questions which allowed written responses.
Survey responses were recorded on a seven-point Likert-scale with responses ranging from Strongly Disagree (1) to Strongly Agree (7). Individual items were designed to address the individual's perception of the quality of being an employee of the Sanford Health System, the quality of the NICU physical work environment, the quality of NICU patient care, job quality in the NICU, the quality of health and safety in the NICU, the quality of safety and security in the NICU, the quality of interaction with other members of the NICU health-care team, the quality of interaction with NICU technology and off-job quality of life. Survey categories and the individual items are detailed in Supplementary  Table 1 . Scores were reversed for some questions that were stated in the negative. The same survey was administered to all NICU staff including neonatologists, neonatal nurse practitioners, staff nurses, clinical staff (for example, respiratory therapists, and nutritionists), non-clinical staff (for example, receptionists, clerical staff and others not directly involved in patient care) and general pediatricians and pediatric subspecialists. In an attempt to maintain conservative methods in the analysis of these data, items with missing data were coded with a numeric response of zero. Total perception scores were computed for each of the nine categories and the entire survey. Because of the non-parametric nature of the data, descriptions of central tendencies are reported as median values with (25th, 75th) percentile ranges, and statistical comparisons were performed using SPSS software (SPSS, Chicago, IL, USA) with P<0.005 (0.05/10) as the test of significance because of multiple comparisons. 28 Comparisons of the total point score for each of the sections of the survey and the total score were also performed for the two NICU facilities for respondents who completed only one survey with those who completed one survey in each NICU.
Surveys were distributed by hand to all personnel after consent for participation in this investigation was obtained by one of the authors (CC Helseth) during the months of April and May 2006 for the OPBY NICU and the same months in 2007 for the SFR NICU. Surveys were distributed during the same months of both years to avoid seasonal variation in responses. Participants in this study were asked to provide an anonymous identification code (first three letters of mother's maiden name and last three digits of social security number) so that the surveys for the two units could be paired by participant. Completed surveys were placed in a sealed envelope and returned to a secretary who was not involved with this study. Thus, the first surveys were distributed 2 months before occupancy of the new NICU and the second survey was distributed 10 months following occupation of the SFR NICU. The timing of distribution of the surveys was determined primarily by the limited resources available for this investigation. This project was approved by the Sanford and USD Medical Center Institutional Review Committee.
Results
During the first 6-month study period, there were a total of 370 admissions to the OPBY NICU. The average daily census was 33.8 neonates requiring an average of 30.6 nurses and 35.6 total NICU staff (including nurses) per day who worked 12-h shifts. During the second 6-month study period in the SFR NICU, there were a total of 395 admissions with an average daily census of 40.5 neonates. The daily average number of nurses for this unit was 37.3 with an average total number of NICU staff per day of 45.3, working 12-h shifts. The average number of patients assigned per nurse per shift were not different in the two facilities during the study periods described.
One hundred eighty-eight surveys were distributed from the OPBY facility and 201 in the SFR NICU. Ninety-six surveys were returned for the OPBY NICU and 121 from the SFR NICU. Of the surveys returned, 32 respondents completed surveys for both the OPBY and SFR NICU (16.4% overall response).
The entire group of respondents had a median of 8 years (25th percentile ¼ 3, 75th percentile ¼ 19) of experience in the OPBY NICU as compared with 5 years (2, 17) (P ¼ 0.043) in the SFR NICU. Because of the significant difference in experience in the NICU, a decision was made to limit the analysis to subjects who responded to surveys in both NICU facilities. Thus, the study population had a median of 14 years (3, 20.75) of NICU experience at the time of the first survey. The occupations of respondents may be found in Table 1 .
The median item response for each survey question in the two NICU facilities are in Supplementary Table 1. Table 2 contains the median item scores for each section of the workplace quality perception survey by facility. These data are graphically depicted in Figure 1 . The point scores were significantly greater (P<0.005) in the SFR NICU with the exception of the categories of quality of employment, the quality of health and safety in the NICU, the quality of interaction with members of the health-care team and NICU staff endorse single-family room design DC Stevens et al the off-job quality of life. The total point score for the entire survey was significantly greater in the SFR NICU. Data were compared for those who responded to a single survey and those who responded to two surveys. No statistically significant differences were found for any survey section or for the total score. When data from all respondents for the OPBY (n ¼ 96) and SFR (n ¼ 123) NICU were analyzed by occupation, nurses did show a decrease in their median score for interaction with other members of the health-care team from 5.4 to 4.9 (P ¼ 0.01); whereas, no difference was found for all other occupational categories combined (median score ¼ 4.8 for OPBY and 5.0 for the SFR). Because of a small sample size, this comparison could not be carried out using paired responses alone.
Because of a small number of paired responses, written comments were reviewed for all respondents from the two units. Of 18 (18% of total respondents) responses in the OPBY NICU, eight (8%) involved issues in team interaction. Of 30 (24%) comments from the SFR NICU, 10 (8%) involved issues related to staffing patterns and seven (5%) involved the use of technology. One question was asked about health issues experienced by staff. In the OPBY NICU, 15 (15% of total respondents) of 38 (39%) respondents identified orthopedic issues and 10 (10%) identified headaches. In the SFR NICU, 18 (14%) of 24 (19%) responses identified orthopedic issues and one identified headaches (<1%). Of the respondents who identified orthopedic issues, approximately half in the OPBY and SFR units identified issues related to the feet and lower extremities.
Discussion
The survey instrument used in this evaluation was based on an assumption that an individual's functional capacity for work is proportional to the employee's perception of the quality of their working conditions. 27, 29 Attitude, motivation, job satisfaction and emotional state are all critically influenced by perceptions of the workplace design features and influence job performance. 29 Thus, the level of quality of different workplace design attributes may be referred to as perceived workplace occupancy quality. 25, 26, 27 The intent of this investigation was to evaluate differences in the perceived workplace occupancy quality of NICU staff in the SFR NICU compared with the traditional OPBY NICU. The staff perceived workplace quality survey was comprehensive and covered a number of aspects of the physical work and emotional interactions in the NICU environment, which could have influenced NICU job performance. The survey instrument was also designed to include areas of particular concern in the transition of NICU care from the OPBY to the SFR environment.
Neonatal intensive care unit staff perception scores were greater in the SFR NICU than the OPBY NICU in the areas of quality of the work environment, quality of patient care, safety and security in the NICU and interaction with NICU technology. These findings regarding the SFR NICU are consistent with the improved staff satisfaction with the physical environment and their perception of the psychological impact of the physical environment reported by Shepley et al. 11 and Harris et al. Table 1 . Values and P-value for each survey section are listed in Table 2 .
A major concern expressed by staff members when planning for the SFR NICU was the possibility of an impaired ability of members of the care team to interact with each other in regard to patient care, parent care, education and for social purposes. Social isolation in the workplace has a strong correlation with stress. 30 Concerns regarding such interactions were also reported by Smith et al. 27 The measured perceptions of the quality of interaction with other members of the health-care team in the present investigation were interesting. The lack of a statistical difference in this category is likely a manifestation of a great deal of variability in responses between occupational subgroups. Examination of the full data set for all respondents allowed such analysis, which confirmed that nurses perceived that their interaction with the health-care team was less satisfactory in the SFR NICU. Other occupational groups (physicians, nurse practitioners, respiratory therapists and secretarial staff) did not have a significant difference in their scores between the OPBY and SRF NICU. One might speculate that these individuals, in their respective roles, did not perceive that their communications were significantly different in the SFR NICU. Similar communication issues were described in a post hoc survey of nursing staff performed following the move from a large tertiary OPBY NICU to an SFR facility by Walsh et al. 31 Nurses expressed the perceptions that in the SFR NICU fewer colleagues were available for assistance and they had decreased contact with the physician staff. Furthermore, they felt that the SFR NICU was physically more difficult in which to work and more emotionally stressful. They did feel that care was safe and the environment better for patients and their families.
The study by Smith et al. 26, 27 from St Paul Children's Hospital showed that all perceived workplace quality indicators improved in the SFR NICU relative to the OPBY NICU with the exception of the perception of interaction with members of the health-care team. In that study, physicians' perceptions were significantly greater than nurses in regard to the quality of interaction with the health-care team in the SFR NICU.
No significant difference in the perception of quality of being a Sanford Health employee or off-job quality of life were found in this investigation. However, no significant change was made in the terms of employment during the time period of this overall investigation. One might speculate that if the perceptions of workplace quality of the NICU staff had dramatically improved in the SFR NICU, a significant change in off-job quality of life should have been observed; however, this was not the case. It is possible that for many NICU employees there is little interaction between employment and personal life. As median scores for both quality of employment and off-job quality of life were very high, it is also possible that the ceiling effect 32 threatens the internal validity of the results for these two survey categories. However, deletion of these two categories from the overall analysis would have little impact on the overall results.
The scores for the quality of health and safety in the Boekelheide SFR NICU relative to the OPBY NICU were not significantly different. The percent of all survey respondents' written comments reporting orthopedic problems in the two facilities were the same (15%). Approximately half of these reports involved problems involving the feet and lower extremities. This was a major concern of staff before occupancy because of the markedly increased area, and potential for increased walking in the new NICU. Unpublished results from the Environmental Research Program indicated significantly greater walking per shift of approximately one-half mile per day in the SFR NICU relative to the OPBY NICU. 33 These greater distances measured in the SFR NICU were still much less than those reported for nurses on a standard medical-surgical unit per shift. 34 Ten (10%) respondents complained of headaches in the OPBY NICU compared with only one (<1%) in the SFR NICU, suggesting the possibility of lower levels of stress in this facility. 35, 36 There are limitations to this investigation. Moving to a new SFR NICU facility is a major organizational transformation. Multiple factors changed between the two study periods, most of which were beyond the control of the investigators. Many of these changes occurred in relationship to the new environment, but some unrelated factors may have affected the results. For instance, some employees may have terminated their employment in the NICU because they were not willing to adapt to the new environment and/or the necessary modifications in care practices. Some may have ended their employment because it was a convenient time to make a change in their lifestyle. New and inexperienced staff were hired to work in the SFR NICU because they were available as new nursing school graduates at the time of an increased daily census in a new facility with greater staffing needs. These changes are reflected by significantly less seniority of NICU staff in the SFR NICU compared with the OPBY NICU.
Restricting the analysis to NICU staff who responded to surveys in both facilities eliminated some of the confounding factors, but at the expense of the potential loss of data for analysis. The results reported do pertain to senior NICU staff with over 14 years of experience; however, the results represent information for a relatively uniform population of experienced NICU personnel who remained dedicated to their employment regardless of uncertainties involved in the future of care in the SFR NICU. Furthermore, when considering these results, it is important to note that no significant differences were found when one-time and paired respondents' data were compared. These factors support the argument that the results presented are a valid indication of the change in perceived workplace quality associated with the implementation of SFR NICU care, which transpired in the Boekelheide NICU.
Administrative changes were intentionally implemented following occupancy of the SFR NICU. For instance, nursing staff were initially assigned a lesser number of patients and lower total patient acuity level per shift to assure patient safety following moving to the new NICU. Administrative staff including the unit manager, the medical director and the nursing clinical care coordinator met weekly following the move to the SFR NICU. Four months following occupancy, the administrative staff felt that ordinary daily operations had resumed and enhanced staffing patterns were discontinued (personal communication with Boekelheide NICU Nursing Director). Data from other parts of the Environmental Research Program have indicated that nurses' assigned total patient acuity and the number of patients per shift were not significantly different during the two study periods; although the total number of employees needed per 12-h shift was greater in the SFR than the OPBY NICU. Additional NICU employees were required, but primarily to support the nursing staff. 37 This evaluation of the required number of NICU staff was conducted during the same time period that the staff workplace quality perception study was conducted.
Staff perception of workplace quality scores were significantly greater in the SFR NICU, but this occurred in conjunction with adequate administrative support to ensure a safe transition and with careful planning so as to keep nursing patient assignments and acuity constant in the new facility. These results can only be interpreted and extrapolated with full awareness of the significant administrative planning and support that were used in planning care in a NICU facility which is dramatically different than the traditional OPBY NICU.
An additional concern, which the reader might pose, involves the possibility that the perceived workplace quality scores might have been falsely elevated because the survey was performed in the SFR NICU during a honeymoon period when staff were enthusiastic about working in a new facility. As noted previously, administrative personnel reported that the SFR NICU was operating at full capacity after 4 months following occupancy. This was 6 months beore the distribution of surveys in the SFR NICU. The administrative observations, and reversion to the staffing patterns observed in the OPBY NICU, support the conjecture that much of the stress and anxiety over new equipment and patterns of care in the SFR NICU had dissipated by the time that the follow-up surveys were administered.
One oversight in this study was the failure to include specific questions regarding the perceptions of staff regarding the interaction of parents with other parents and families in the NICU. The authors are aware that such interaction may be more difficult in the SFR NICU. Unfortunately, no information is currently available to support this suspicion. Hopefully, this is an issue that may be addressed in future research.
As concerns regarding the short-and long-term impact of the NICU environment have increased over the past two decades, a movement to new NICU design methods has evolved. Although a number of SFR NICUs have been constructed to date, little evidence is available to document the benefits derived from the increased health-related expenditures required to construct and run such facilities. This paper presents only a small part of the information collected in the Environmental Research Program in regard to the Boekelheide SFR NICU. The authors hope that this information will be helpful to those planning new facilities. Any organization which employs new models for the provision of NICU care needs to allocate the resources to measure its outcomes, so as to provide the medical and architectural evidence to assist in judging what the best practices are for the future of NICU patients and families.
Conclusion
The workplace quality perception survey instrument was used to assess the perceptions of NICU staff regarding nine areas of involvement in NICU care in the two facilities. With four exceptions, all categories and the total score were significantly greater in the SFR NICU than in the OPBY facility. No difference was found in the quality of being a Sanford Health employee or in off-job quality of life or the quality of health and safety in the NICU. No significant change was found for the overall analysis of ability to interact with other members of the health-care team; however, an analysis of the data for all respondents indicated that the nurses demonstrated significantly lower median scores than other occupations for this category of workplace quality.
